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Introduction 
The occurrence of strong motion earthquakes 1S unpredictable in 
time and in space and the frequency of occurrence and magnitude 
distribution of earthquakes vary from region to region. 
Earthquake-induced ground shaking of a structure 1S uncertain in 
intensity, frequency content, and duration. In view of these, the 
evaluation of safety and design of earthquake resistant structures 
should be based on considerations of probability. Probabilistic safety 
analysis of earthquake resistant structures attempts tQ evaluate the 
failure probability of a structure during a specified lifetime. For 
this purpose, it is necessary to determine the seismic hazard, i.e., 
the probability of occurrence of given intensities at a site during the 
lifetime of a structure and the conditional failure probabilities of a 
structure for given intensities of earthquake ground motion. 
The prevailing philosophy in earthquake resistant design recognizes 
that some level of structural damage must be accepted for designs to be 
economically feasible. A structure subject to strong ground motion is 
expected to behave nonlinearly, thus calculation of the seismic 
response of a structure requires nonlinear stochastic response 
analysis. In addition, it is also necessary to consider the effects of 
uncertainties in seismicity and structural parameters on seismic risk 
and failure probability. 
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The objective of the present cooperative research between the 
University of Illinois and the Institute of Engineering Mechanics (IEM) 
in Harbin, China is the development of probabilistic bases for the 
design of earthquake resistant structures and associated bases for 
seismic design codes. Probabilisti~ methods for evaluating potential 
structural damage due to future earthquakes have been under development 
at the University of Illinois. These include methods to (a) assess the 
seismic hazard at a given site, (b) model the nonlinear-inelastic 
behavior of structures subject to random excitation, (c) assess 
structural damage in terms of structural response, (d) evaluate model 
parameter uncertainties and their effects on overall uncertainties. 
Phase I of th~ present study seeks to adapt presently available 
analytical methods for seismic damage assessment to conditions in 
China. Specifically, work in the following areas have been completed 
or are in progress during Phase I: 
(a) Evaluation of seismic hazard models (UI). 
(b) Seismic hazard analysis for the Ertan Dam site and the city of 
Anyang (rEM). 
(e) Stochastic seismic response analysis of hysteretic 
multi-degree of freedom system structures using mean response 
spectra (IEM). 
(d) Collection of test results for cyclic load tests of reinforced 
concrete members and damage records for reinforced concrete 
buildings in China; determination of hysteretic restoring 
force model parameters for reinforced concrete (IEM, ur). 
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(e) Collection of damage records for brick buildings and test 
results for cyclic load tests of brick walls; determination of 
hysteretic restoring force model parameters for masonry 
buildings (lEM, Ul). 
(f) Evaluation of uncertainties 1n material parameters and their 
contribution to uncertainties in the response analysis (lEM). 
These are individually expanded in the following. 
Evaluation of Seismic Hazard Models 
A model for seismic hazard analysis was first proposed by Cornell 
(1968) which assumes that earthquakes occur as a Poisson process. 
Implicit in this model is the assumption that the energy released by an 
earthquake originates at the hypocenter. This may not accurately model 
the energy released over a fault rupture zone for large magnitude 
earthquakes. The fault rupture model by Der Kiureghian and Ang (1975) 
considers the influence of energy distributed over the fault rupture on 
the hazard at a site. It also accounts for the effect of uncertainties 
in the attenuation equation and rupture length-magnitude relation to 
the calculated risk. 
Modeling the occurrence of earthquakes using the Poisson process 
assumes spatial and temporal independence for earthquake occurrence and 
is not consistent with the physical process of gradual accumulation of 
strain and intermittent release of energy. A semi-Markov model by 
Patwardhan, Kulkani and Tocher (1980) attempts to simulate the physical 
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process of earthquake generation by modeling the dependence of the 
magnitude and time of occurrence of future earthquakes on the magnitude 
of and time since the last earthquake. The states in the Markov 
process represent magnitude ranges and the transition probabilities are 
the probabilities that the magnitude of the next earthquake will be 
within a given range given the magnitude of the last earthquake. The 
time between two earthquakes is governed by a probability distribution 
with parameters that depend on the present and future states of the 
Markov process. Hence the.magnitude and time of the next earthquake 
will depend on the present state and the time elapsed S1nce the last 
earthquake. The model is also able to account for the change in 
seismic hazard with time. 
A computer program was developed based on the above semi-Markov 
model. The Ertan Dam site in China was chosen to be analyzed because 
of its long history of past earthquakes along relatively well defined 
faults using both the fault rupture model and the semi-Markov model. 
It was found that the Markov process has to be limited to about 3 
or 4 states, otherwise the computational effort will be excessive. 
Hence only a limited range of magnitudes is considered and the seismic 
hazard may be underestimated. Being a discrete time, discrete state 
model, the time unit has to be chosen so that the probability of two or 
more transitions within one time unit is negligible and yet large 
enough so that only a limited number of transitions 1S required for the 
period of interest. It was found that a practical largest number of 
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transitions 1S 20, although 10 transitions 1S more reasonable. Since 
the seismic hazard 1S usually required for a period of 50 to 100 years, 
the time unit will have to be about 5 years. This means that only 
larger magnitude earthquakes may be considered. Determination of the 
transition probabilities and the parameters of the holding time 
distribution require a long and complete historical record which is 
seldom available for most sites. Taking the Ertan Dam site as an 
example, the historical record date back a few hundred years, but a 
spurt of seismic activity in the present century and a further increase 
1n recorded earthquakes in the last 20 years casts doubts on the 
completeness of the historical record especially for smaller events. 
Hence, it may be erroneous to compute transition probabilities and 
holding times between earthquakes on the basis of such records. 
However, because of the limitations mentioned above, the hazard was 
computed only for earthquakes with magnitudes greater than 6.0, on the 
assumption that the records are complete for these large events. 
The computed seismic hazard using the semi-Markov model was found 
to be comparable to that obtained using the Poisson occurrence model if 
a lower bound magnitude of 6.0 is also assumed for the Poisson model. 
However, the seismic hazard thus obtained would underestimate the true 
hazard since the contribution from more frequently occurring smaller 
magnitude earthquakes was not included. 
To overcome the difficulty of determining seismicity parameters for 
hazard analysis from a short or incomplete historical record the 
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Bayesian approach has been proposed by many as a rational way of 
incorporating subjective judgment from experts. A seismic hazard model 
that uses this approach is that suggested by Mortgat and Shah (1979). 
Occurrence of earthquakes is modeled by a Poisson process and the mean 
occurrence rate is assumed to have a Gamma distribution. Given the 
occurrence of an earthquake, the probability that it is of a given 
magnitude is assumed to have a Beta distribution. Thus for a given 
earthquake source, prior estimates are required for the parameters of 
the distributions of the mean occurrence rate and the magnitude 
occurrence probabilities. 
A more recent model by Campbell (1982) uses the usual exponential 
distribution for earthquake magnitudes and assumes a Gamma distribution 
for the well-known magnitude recurrence parameter, e. Hence, prior 
estimates are required only for the distribution parameters of e to 
completely describe the frequency of magnitude occurrence. 
For most practical applications, the fault rupture model seems the 
most appropriate as the model parameters can be easily estimated from 
available earthquake records. 
Seismic Hazard of Ertan Dam Site and Anyang City 
The earthquake zoning map of China shows the expected maximum 
earthquake intensities at various locations for the coming 100 years. 
One of its defects is that the intensities indicated are not associated 
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wi th probab iIi ties 0 f occurrence. This impl ies that e.arthquakes 0 f a 
given intensity have the srune probability of occurring during the next 
100 years, but the value of the probability is unknown. The 
contribution to the seismic hazard from different sources which may 
lead to the same intensity rating at different places vary 
considerably. The result of a seismic hazard analysis gives the 
probabilities that seismic intensities will be exceeded in a given time 
period. 
For the seismic hazard analysis of the Ertan Dam site and Anyang 
City, the fault-rupture model first proposed by A. H-S. Ang (1974) and 
developed by A. Der Kiureghian and A. H-S. Ang (1975) was used. In a 
seismic hazard analy~is, the following relationships play important 
roles: (a) the earthquake magnitude-frequency relationship ( the 
Richter-magnitude principle is usually adopted), (b) the relationship 
between earthquake magnitude and fault rupture length, and 
(c) attenuation equation for earthquake intensity. Since these 
relationships vary from region to region, statistical analYSeS of 
relevant data for historical earthquakes in and around the areas 
studied were performed to determine the required relations. 
The results of the seismic hazard analysis of the Ertan Dam site 
indicate that the seismic hazard at the site can be attributed mainly 
to the major faults 1n the North-South tectonic zone, i.e., the 
Anninghe and Mopashan Luzhijiang faults and to the areal sources within 
45 kilometers from the site. 
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For the Ertan Dam site, the exceedance probabilities of given 
intensities over periods of one year and 500 years are listed in 
Table 1. 
For large dams, a 10% probability of exceedance in 500 years 1S 
usually used in the United States as a safety criterion. For the Ertan 
Dam site this corresponds to slightly higher than intensity VII for 
soil category II or high~t than intensity VI for soil category I (rock 
site). The maximum credible earthquake at the Ertan Dam site 
corresponds to intensity VIII. According to the zoning map developed 
by the South-West Earthquake Intensity Working Group, Chinese State 
Seismological Bureau, the site is located in an area of intensity VII. 
This corresponds to an expected exceedance probability in 100 years of 
0.0343. 
Anyang is chosen as one of the earthquake monitoring regions in 
China. Here, prediction of earthquake damage to buildings had been 
carried out including prediction of damage to existing multi-story 
brick buildings under var10US levels of intensity. Its basic intensity 
is equal to VIII. The results of a seismic hazard analysis of Anyang 
City will improve the assessment of aseismic safety of buildings and 
provide a basis for selecting the seismic design parameters for the 
region. The results are shown in Table 2. 
Seismic load with a 90% probability of not being exceeded 1n 50 
years, equivalent to a return period of 475 years or an annual 
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probability of exceedance of 0.0021, is usually used for earthquake 
resistant design of industrial and civil engineering structures (ATC 
3-06, 1978). In China, multi-story brick buildings are expected to be 
still in service after 50 years, therefore, it is usual to select an 
intensity or acceleration with a 90% probability of not being exceeded 
in 100 years as a design criterion. This is equivalent to a return 
period of 950 years or an annual probability of exceedance equal to 
0.00105. From Table 2, this corresponds to an intensity slightly 
higher than intensity VI. Maximum credible earthquakes from potential 
sources around the site could produce intensitites as high as X at the 
site. It should be noted that the effect on the hazard of the Anyang 
fault, where no earthquakes with magnitude greater than 4 were 
recorded, was not taken into account. However, in the opinion of the 
Earthquake Prediction Centre, China, a most-probable seismic event can 
be expected to occur at the intersection of the Anyang fault (with NNW 
strike) and the Qingyangkou fault (with NNE strike), where the earth's 
crust lS favorable for the occurrence of an earthquake. This is a 
situation where the Bayesian approach may be used to incorporate expert 
judgments in the determination of the seismicity parameters. 
In order to evaluate the damage probability of multi-story brick 
buildings 1n Anyang City over a specified expected lifetime, the 
conditional probabilities of a given degree of damage for given 
intensities are also calculated. The results are shown ln Table 3. 
Probability that multi-story brick buildings in Anyang will be slightly 
damaged and seriously damaged for a lOO-year lifetime is 0.0930 and 
0.0183, respectively. 
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Seismic Response of MDF Structures 
The evaluation of structural safety under seismic loading requires 
knowledge of the response of a structure. Stochastic seismic response 
analysis of a hysteretic MDF structure is a difficult but important 
problem. A smooth restoring force model by Baber and Wen (1980) can be 
used for the stochastic response analysis of hysteretic degrading 
structures through an equivalent linearization technique. However, 
calculations for a structure with many degrees of freedom are still 
expensive. Moreover, the input excitation is specified in terms of a 
power spectral density function, which is not the most convenient 
method for earthquake engineering where the input is generally 
described with a response spectrum. 
It has been shown by Spanos and Iwan (1978) that if the behavior of 
the nonlinear members in a MDF system subjected to harmonic or 
stationary random base motions depend only on the relative coordinates 
between the masses, an equivalent system is obtained by replacing each 
nonlinear member by an elastic member with equivalent stiffness and 
damping, determined as for a SDF system. Recently, a response spectrum 
method for stationary random vibration analysis of linear systems was 
proposed by Der Kiureghian (1980). The seismic response statistics of 
MDF structures can be determined by using the mean response spectrum 
and probabilistic modal combination, i.e., the root-mean-square of 
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response 1.S obtained as, 
OR [II 1 it. R. ] 1/2 P.P. Po,ij 1T JT 
ij 1 J 
and the mean of the peak response is; 
and standard deviation of peak response is; 
l.n which p', p an:.i q are the peak factors for the ith modal response 
1. 
and the total response, respectively; P is o,ij the modal 
cross-correlation coefficient; R. = B. X . where B. is the effective 
1T 1. T' 1. 
participation factor for mode i and ~ is the mean response spectrum. 
T 
Based on the above equivalent linearization method and the response 
spectrum method for random vibration, an approximate procedure is 
proposed for calculating the seismic response of hysteretic MDF 
structures. For reinforced concrete structures whose restoring forces 
may be described by a degrading trilinear model, the values of 
equivalent stiffness may be determined using the average stiffness 
method based on random vibration theory as follows: 
k 
o 
II 
[(1 - a)(1 + fUll) + a ll] 
in which k is the secant stiffness at yield point, a is the ratio of 
o 
post-to-pre-yield stiffness and II is the ductility ratio of the 
structure. The equivalent damping may be computed by the empirical 
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formula of Gulkan and Sozen (1974) modified to include the initial 
viscous damping of 0.05 as follows: 
~e(~) = 0.05 + 0.151 (1 -~) 
III 
The design spectrum specified in the Chinese Seismic Design Code 
TJ 11-78 is used in lieu of a mean response spectrum. 
To illustrate the application of the proposed method; a 3-story and 
a 7-story reinforced concrete shear framed structure, subjected to the 
Tangshan earthquake of July 28, 1976, was analyzed. The -problem must 
be solved by iteration because of the dependence of the equivalent 
stiffness and damping on the ductility ratio. 
The mean and variance of the ductility ratio of each story are 
summarized in Table 4, together with the deterministic numerical 
integration results. It is seen that the results obtained by the 
proposed method and by numerical integration show similar distributions 
of ductility ratio over the height of the two structures. 
It may be observed that the 3-story building was severely damaged 
in the 2nd floor columns, whereas the 7-story building was most heavily 
damaged in the 4th and 7th floor columns during the Tangshan earthquake 
of 1976. The damage to these two buildings appears to be consistent 
with the analytical results indicated in Table 4, except for the 7th 
floor columns. The heavy damage in the 7th story may be caused by the 
so-called "whipping effect" because of its lower stiffness. 
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In addition to the maximum inter-story displacement, the hysteretic 
energy absorbed may be an important indicator of damage to a structure. 
The total hysteretic energy dissipated, E, can be estimated by the 
proposed method as 
in which w is the average response frequency, and L is the duration of 
the strong motion phase. 
The proposed method will be verified further with. Monte Carlo 
calculations. 
Test Results and Damage Data for Reinforced Concrete 
Tests to investigate the hysteretic behavior of reinforced concrete 
members have been performed by several organizations in China. Most of 
the available test data have been collected for the present study. 
However, it is difficult to analyze these data as a Whole, because of 
the different conditions and methods of testing. Test results from 
Tongji University were used to establish the restoring force model 
parameters for reinforced concrete, and occasional references were made 
to related data from Tsinghua University and Hunan University. 
A smooth restoring force model using a first order nonlinear 
differential equation suggested by Bouc has been developed by Baber and 
Wen (1980). The expression for the restoring force is 
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p a k u + (1 - a) k z (1) 
where 
" .. ,ell I n-1 "I In z = A u -S u z z - y u z (2) 
U 1S displacement and A, S,y and a are parameters controlling the shape 
of the hysteretic loops. 
Since the dimensions and material properties of the test members 
varied widely, a normalized load deflection loop was used to model the 
hysteretic properties. The parameters for the smooth restoring force 
model were determined through a system identification technique (Sues, 
Mau, and Wen, 1983). Degradation in strength and stiffness was 
examined and was related through a model parameter to the energy 
dissipated by the member. In applications, the model parameters for 
the normalized hysteretic loop would have to be adjusted according to 
the dimensions and material properties of the member. The quantities 
required for the adjustment are the maximum load and corresponding 
displacement of the member. 
Test results of axially loaded reinforced concrete flexural members 
show that as the deflection increases beyond that corresponding to the 
maximum member strength, the envelope curve of the maximum restoring 
force begins to decline and the decreasing slope depends on the ratio 
of the axial stress to the concrete compressive strength. This is due 
to the so-called p-~ effect. In order to account for this effect in a 
shear-beam model, Baber and Wen (1980) added a shear force to the 
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expression for the ~estoring force. It was ~und that the results from 
this modification are not consistent with the test data and the 
following is propo~ed. 
The expression for ~ in Eq. 2 is modified as 
so that, 
P a k u + (1 - a) k (z + ~u) 
in which ~ is a parameter introduced to describe the deterioration of 
the envelope curve. A formula for ~, derived from test data, is 
0.5 P 
(1 - a) f A 
c 
u 
where P is the axial load, f 1S the concrete compressive strength, and 
c 
A is the member cross-sectional area. Thus the p-~ effect is accounted 
for by the factor (1 - a) ~ k u in the expression for the restoring 
force. 
The slope of the declining portion of the envelope curve for 
axially loaded flexural member obtained from the empirical formula 
given above and from consideration of an equivalent shear force by 
Baber and Wen (1980) are listed in Table 5 for three test members. It 
can be seen that the slope obtained from considering an equivalent 
shear force 1S much less than the slope obtained with the above 
empirical formula. 
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While degradation in stiffness and strength has been related to 
energy dissipation, it is also recognized that other factors including 
displacement may also affect degradation. It was found that a relation 
can be established between the maximum displacement on loading and the 
residual displacement on unloading. The model parameters can then be 
chosen so that the hysteretic curve passes through the two points of 
maximum and zero loads and their corresponding displacements. In this 
way, stiffness degradation may be related to the maximum displacement. 
It is conceivable that the degradation of reinforced ~oncrete will 
be better modeled as a function of energy dissipation and displacement 
but insufficient experimental data preclude the establishment of such a 
relationship. 
An alternative analytical approach for determining the model 
parameters was also investigated. It requires an estimation of the 
yield and ultimate loads and their corresponding displacements which 
may in turn be estimated from the dimensions, material properties and 
loading condition of the member. The model parameters are then chosen 
so that the load deflection curve passes through the above two points. 
Computer programs for calculating the yield and ultimate loads and 
the corresponding displacements as well as the hysteretic loops were 
developed. Computed yield and ultimate loads and displacements were in 
good agreement with test data and the computed restoring force loops 
fit the test results well except when shear-pinching is pronounced. 
17 
Damage data for reinforced concrete buildings from past earthquakes 
in China are relatively rare, as reinforced concrete buildings are much 
fewer than brick buildings in China and most reinforced concrete 
buildings are concentrated in large and moderate size cities. However, 
damage records for individual buildings of reinforced concrete damaged 
during past earthquakes are being collected. 
Test Results and Damage Data for Masonry Buildings 
Damage data for brick buildings from past earthquakes in China are 
extensive. These damage data have been summarized and reported by Yang 
Yucheng (1981). Damage of multi-story brick buildings from large 
earthquakes since the 1960's are available including data from the 
major earthquakes listed in Table 6. 
In recent years, tests for the dynamic behavior of brick walls have 
been cond.ucted by several organizations in China, but tests for 
restoring force behavior are rare. Some test data including those 
tests performed at IEM have been collected. A series of tests of brick 
walls will be conducted at IEM in the second phase of the cooperative 
research, specifically to investigate the restoring force behavior of 
brick walls. 
Estimation of the hysteretic parameters for masonry could follow 
the same procedure as that for reinforced concrete. However, 
estimation of the strength and displacement of a masonry member 
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presents more of a problem. Estimates of strength using theoretical 
formulations based on the assumption that masonry 1S a homogeneous 
isotropic material have not f~und close agreement with test results. 
Establishment of a failure criteria 
anisotropic properties may be needed. 
taking into consideration 
Uncertainties in Material Properties of Reinforced Concrete 
Using values of the modulus of elasticity of concrete specified in 
the Chinese Code, TJ 10-74, and values calculated using empirical 
formulas as well as those obtained for reinforced concrete members in 
China, the uncertainty in the modulus of elasticity of concrete was 
evaluated. The coefficient of' variation, ~c' was found to be 0.13 and 
the ratio of mean to nominal value is 1.72. A statistical analysis of 
the uncertainty in the modulus of elasticity of reinforcing bars was 
then performed on available test data. The analysis gave a coefficient 
of variation 0Eg of 0.06 and the ratio of 
1.015. 
mean to nominal value of 
Based on empirical formulas for calculating yield bending moment 
and secant stiffness at yield of reinforced concrete flexural members, 
and the uncertainties of related reinforced concrete member parameters, 
a formula for evaluating the uncertainties in the inter-story yield 
displacement and yield stiffness for reinforced concrete shear-beam 
structure was derived~ In order to account for the uncertainty 
associated with the error of the empirical formula, comparisons are 
19 
made among various empirical formulas and test data from which the 
coefficient of variation of the parameters for calculating the yield 
moment and yield stiffness of reinforced concrete flexural members were 
obtained. By making use of the formulas thus derived, the 
uncertainties of the above two quantities for a 3-story reinforced 
concrete building were evaluated. This analysis gives a coefficient of 
variation for the inter-story yield displacement of about 0.17 and for 
the inter-story stiffness of about 0.175 for all three stories. These 
uncertainties are due mainly to the error of the empirical formula. 
The uncertainty of the ratio of post-to-pre-yield stiffness, a, is 
analyzed statistically by using availble test data. Analysis gives a 
mean value a of 0.047 and a coefficient of variationn of 0.60. 
a 
In addition, using the empirical formula for effective damping and 
the test data for reinforced concrete frames given by Gulkan and Sozen 
(1974), the uncertainty in the effective damping for the trilinear 
restoring force model was estimated. The coefficient of variation was 
evaluated to be about 0.20. 
Summary 
Various seismic hazard models were examined, and it was found that 
for practical applications the fault-rupture model using the Poisson 
assumption for earthquake occurrence is the most suitable. While the 
physical process of earthquake generation would suggest a Markov 
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process occurrence moel, a sufficiently long and complete historical 
record 1S required for an accurate estimate of the model parameters. 
In lieu of reliable historical information, the Bayesian approach may 
be used to incorporate judgmental information into the estimation of 
the seismicity parameters. 
The fault-rupture model was used for the hazard analysis of the 
Ertan Dam site and Anyang City. For th~ latter, conditional 
probabilities of damage for given intensity levels were also obtained 
and combined with results from the seismic hazard analysis to give 
overall probabilities for various degrees of damage. 
Parameters for a hysteretic restoring force model for reinforced 
concrete were obtained through system identification. The decrease in 
load carrying capacity of an axially loaded flexural reinforced 
concrete member with increasing deflection due to the P-~ effect and 
the relationship between stiffness degradation and displacement were 
studied. Appropriate model parameters were used to simulate the above 
effects. In applications, the model parameters will need to be 
obtained 1n the absence of experimental test results and an analytical 
method was developed that requires knowledge only of the yield and 
ultimate loads and the corresponding displacements. 
The investigators at IEM, Harbin proposed an approximate procedure 
to obtain response statistics for nonlinear MDF systems subject to 
stationary excitation through a modal combination technique. The 
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ground excitation 1S specified in terms of a response spectrum and 
equivalent linear damping and stiffness 1S used in an iterative 
solution procedure. 
A study was made of uncertainties 1n material properties of 
reinforced concrete and these were used to estimate the uncertainties 
in other quantities. It was found that errors due to empirical 
formulations for obtaining the inter-story yield displacement and yield 
stiffness contributed more to· the overall uncertainty than the inherent 
variability of the basic parameters. 
Work is presently in progress to model the hysteretic behavior of 
masonry. Because there are limited results of cyclic load tests on 
masonry walls in China, a series of such tests will be conducted at 
IEM, Harbin during Phase II of this project. Extensive damage data 1S 
available for brick buildings in China and these will be used to 
develop criteria for damage assessment and seismic resistant design. 
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Table 1. Exceedance Probabilities at Ertan Dam Site 
Soil + 
Condition 
Period 
(years) v 
Intensity 
VI VII VIII 
Category II 1 3.30 x 10-
2 -3 -4 -5 4.6 x 10 3.5 x 10 2.8 x 10 
500 1 0.9 0.16 0.014 
1 -3 -3 0 4.40 x 10 1.1 x 10 
500 0.89 0.42 0 Category I 
+ Category I and II correspond to rock and ordinary soil site, 
respectively, as defined in the Chin"ese Aseismic Building Code 
(TJll-74). 
Table 2. Exceedance Probabilities for Anyang City 
Period Intensity 
(years) V VI VII VIII IX 
1 1.65x10 -2 3.64x10 -3 8.3 x10 -4 3.21xlO -4 5.56x10 -5 
100 8.1 xlO -1 3.06x10 -1 7.97x10 -2 3.l6x10 -2 5.54x10 -3 
0 
0 
X 
2.8x10 
2.8x10 
-6 
-4 
Table 3. Damage Probability of Brick Buildings 
Annual 100 Years Damage V VI VII VIII IX X Damage Damage Degree Probability Probability 
Intact 12. 88587xlO-3 1. 9179lxlO-3 0.065l9xlO-3 0 0 0 l4.8690xlO-3 0.7764 
Slightly 0 0.78l79xlO-3 0.17062xlO- 3 0.024l7xlO-3 0.00016xlO-3 0 -3 0.0931 0.9767xlO Damaged 
Moderately 0 0.11249xlO-3 0.2l697xlO-3 0.12083xlO- 3 0.00554xlO-3 0 -3 0.0445 0.4558xlO Damaged 
Seriously 0 0 0.05347xlO- 3 O.09799xlO-3 0.005l0xlO-3 . 0.005l0xlO-3 -3 0.0183 0.1850xlO Damaged 
Partially 0 0 O.00306xlO-3 0.02l78xlO-3 0.01288xlO-3 0.OO088xlO-3 -3 0.0038 0.0385xlO Collapsed t..) 
(,J'\ 
Totally O.00080xlO-3 0.00570xlO- 3 0.OO14lxlO-3 -3 0 0 0 0.0079xlO 0.0007 Collapsed 
27 
Table 4. Ductility Ratio II 
Story E(ll) IT II (Numerical II Integration) 
3-Story Building 
1 1.76 0.45 1.11 
2 3.65 0.63 3.07 
3 2.53 0.38 1.49 
7-Story Building 
1 0.95 0.13 1.44 
2 1 •. 70 0.28 2.04 
3 1.39 0.19 1.33 
4 5.0·0 0.64 5.00 
5 1.96 0.24 3.42 
6 1.72 0.20 4.44 
7 0.59 0.06 0.71 
Table 5 .. Negative Slope of Envelope Curve for Reinforced 
Concrete Members Due to p-~ Effect 
Axial Test Empirical Equivalent Test Member Load 
(T) Result Formula Shear Force 
P-7-klO-2 5 0 .. 35 0.23 0.027 
P-7-klO-5 10 0.40 0.50 0.053 
P-7-klO-6 15 0.72 0.75 0.106 
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Table 6. Earthquakes with Damage Records for Brick Buildings 
Numbers of 
Date Earthquake Magnitude Area Buildings with 
Damage Records 
Nov. 13, 1965 Urumchi 6.7 Urumchi City 18 
Feb. 2, 1966 Dongchuan 6.5 Dongchuan City 6 
July 26 )I 1969 Yangjiang 6.4 Yangjiang City 26 
Jan .. 5, 1970 Tonghai 7.7 Quxi and Eshan 7 
Feb. 4, 1975 Haicheng 7.3 Haicheng Town 33 
July 28, 1976 Tangshan 7.8 Tangshan City 220 
Fangezhuang and 
Beijiadian 32 
Luanxian 10 
Chang1i 9 
Qinhuangdao City 14 
Tianjin City 16 
